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T‘"e RESULTS OF TESTS OF MTA~2 TPS ON THE SRB HCLD-DOWN BOLT BLAST CONTAINER
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BACKGROUND

The SRB sit- on the MLP before launch on four hold-down posts. These
tour hold-down posts are fastened to the MLP with four large nuts. At liftoff
these nuts are split with explosive charges to release the SRB/Shuttle. A
"blast container" is placed over these nuts to protect the vehicle from flying
debris. This blast container is a reusable part and has to be protected from
aerodynamic heating during flight. Presently, the TPS used to protect these
blast containers is cork. Fitting the flat cork sheet to this hemispherical
shaped blast container is both time consuming and expensive. Another problem
is removing the charred cork and epoxy glue from the blast containers. It is
therefore desirable to replace this cork with another TPS material such as

MTA-2.
OBJECTIVE

The purpose of the tests presented herein is to demonstrate the feasi-
bility of ueing 1/2 ia. MTA-2 on the SRB blast containers for protection from
ascent, plume impingement and reentry heating.

TEST DESCRIPTION

Calibration Runs: A calibration model was fabricated and run in position 1 of

the NASA-MSFC Hot Gas Facility (HGF).

The purpose of this model/test was to determine the heating rates along
the centerline of the forward facing area of the blast container. The model

was fabricated %:}pgﬁﬁégphlj ing, "spare'" blast container obtained from NASA.
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The model is roughly a hemisphere with about 10 in. diameter and approximately
7 in. high. A "thin skin" strip of 304 stainless steel was instrumented with
10 thermocouples and fastened to the outside surface of the model. Two 1/8 inm
thick, 3/4-in. wide, cork strips were placed under this stainless steel strip
with about a 1/2-in. gap between them to form an air cavity behind the
thermocouples. Figure 1 is a photo of this completed model. Sketch 1 shows
the approximate locations of these thermocouple locatiouns. The hemisphere
model was recessed into the HGF "floor" by about 3/4 in. to help prevent

chocking of the flow.

This model was run for two 5 sec rums in position 1 of the HGF. Results
in the form of heating rates at each TC location are shown in Table 1. The
maximum heating rate of approximately 80 Btu/ftz-aec occurred at location
2. Table 1 also presents the run conditions and thin skin material prop-
erties used to reduce the data, The data were reduced using the standard thin

skin, temperature-time slope method.

Data from the second run were not used because the cork strips charred

and allowed flow under the thin skin stainless steel strip.

TPS Test: After these cal tests, the model was refurbished and covered with a
nominal 1/2-in. thickness of MTA-2. The basic hemisphere was first sand-
blasted and then primed and painted before trowclling the MTA-2 in place. The
MTA-Z was then cured overnight in an oven. (This TPS was applied in-house at
the MSFC Materials Lab,) A photo of this finished model is shown in Fig. 2.
Five thermocouples were used to monitor the inside surface temperature of the
blast container during the 2st, the locations of which are shown in sketch

2. A maximum allowble temperature of 400 F on any TC was selected for cutoff

purposes,

The run time for this TPS model was selected as follows. The plume im-
pingement heat load of 278 Btu/ft2 was obtained from Northrop document No.

M-9230--76-60 from W. Youngblood to D, Seymour, for an X location of 1870 im.,
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and a @ = 30 deg. The combined ascent and reentry heat load of 512 Btu/ft2
was obtained from the October 1980, Design Enviromment for Body Poiant 2186 for
ascent and 7037 for reentry. This gave a total heat load of 790 Btu/ftz.

An over-test factor of 40X was used tc give a total heat load required of 1106
Btu/ftz. With a peak heating rate of 79.6 Btu/ftzsec the required test

time would be 13.9 sec.

This TPS model was rum oun 4 June 1982 (Run 1166) in position 1 of the
HGF. The test ran for 13.4 sec at which time it was terminated when TC 1
exceeded 400 F. Figure 3 shows the post-test photo of this model. Results of
this test are shown in terms of pretest and post-test thicknesses, recession
and recession rates at each location in Table 2, Since the model surface is
curved, two measurements were made at each locatiom - one perpendicular to the
centerline and one parallel to the centerline. The TPS burmed through at two
locations (3 and 4). These were in the area where the flow probably re-
attached to the model and were therefore not typical of the flight environ-
ments on the blast container, The first two points (1 and 2) were probably in
a separated flow region - again probably not typical of the flight environ-
ments. It was therefore decided tc exclude these four points from the

analysis.

Figure 4 shows a plot of recession rate versus heating rate from this
test. A straight line was put through these data by “eyeball™ - not by the
least squares method. The equation of this line was found to be R = 0.33
q1'154. This equation was input to the Lockheed ablation program using
standard MTA-2 thermal properties from previous analyses. An analysis was
performed for a point on the vehicle near the "hottest” thrust post/blast
container location. The October 1980 Design Environments were applied for
ascent body point 679, and reentry body point 7412. (The equivalent body
point for reentry is 7105). These points are at 30 deg from the +Z toward the
+Y axis on the left hand SRB, as seen on Fig. 5. Plume heating was applied
from a point at X = 1870 in. 0 = 30 deg from Northrop document No.
M-9230-76-60 from W, Youngblood to D. Seymour. The total heat loads from
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these points added up to 804 Btu/ft2 as compared to the 790 Btu/ft2
originally planned for the HGF test model,

The computer program calculated temperature and recession for these con-
ditions, using a 1/2 in, thickness of MTA-2. At the end of the trajectory
(410 sec), the MTA-2 had receded 0.28 in. and the maximum temperature ou the
blast container was 157 F. Therefore this 1/2 in. thickness gives a 1.78

overdesign margin.
CONCLUSIONS

As a result of these tests and analyses it is concluded that the 0.5 in.

MTA-2 is adequate for the blast container on the SRB flight vehicle.

1) i}

W. G. Dean, Project Engineer
Contract NAS8-32982

Approved:

G A

C. Donald Andrews, Manager
Systems Engineering Section

Attach: (1) Tables 1 and 2
(2) Figs. 1 through 5
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Table 1

CALTIBRATION TEST RESULTS
(Run #1160)

S, Approx. Dist. Along Cold Wall

TC Surface from 3ase of Heating Rate

Model (In.) (Btu/ftz-sec)
1 1.0 78.2
2 2.0 79.6
3 3.0 61.4
4 4.0 38.7
5 5.0 37.7
6 6.0 24.0
7 7.0 Bad
8 8.0 11.6
9 9.0 21.9
10 10.0 Bad

Notes:
1. Thin-skin wall thickness = .0295 in.
2. Thin-skin wall material = 304 stainless steel
3. Thin-skin wall properties [p Cp t] = .126
4. Run conditions: Pc = 138 psia, Tc = 1600 F,

P . 135C psig, P = 900 psig

ai GH
z

5
LOCKHEED~HUNTSVILLE RESEARCH & ENGINEERING CENTER



LMSC-HREC TN D867571

*SUOTIEBO0T 959yl e pauing Sdl «x

*3uTTA93uad 03 IeTndfpuadiad 2qoad YITA IPEW JUSWIINSEI °7

*u ITX93usd FuoTe aqoad Y3ITM SpeEW JUSWRANSEIW °T

:s930N
pPed 776 SeT” 9¢t1” STT* 68t " G6t" 1 Y4 01s* o1
98°1¢ 7°8 £1t1” 81T"* LOT" Shy*” 8hy° 1 YA GG66” 6
09°11 LS 9L0° 7L0° 8L0° 9¢6” %eS” 019° 19’ 8
pegd VALY zio® 690° 7L0° 44N 0zs” 68G° 766° L
00°%7 [N Lt £81° Lt (A% 5 81t "’ s6%-° o6%* 9
0L°LE L LT Tie” (A% oLe” 0s0° 1%0° ozy® [A% A S
09°8¢ * AV A A% A [A%A 0 0 [AVA AL ks
0%7°19 ¥ STy’ 0z’ oty 0 0 oz’ o1v*" €
8G°6L L°Z¢ 8BEY” YA N 1s%° 0zt1* AN Gve* YA [4
ST 8L 6°%C vee” tee’ 112% [AYA o1e® A G%s* 1
(295-,33/m0) | (23/TID | upy | Cup | Cup | Cun | CwD | (ED | D L)
a3jey 8Burieay * 09y Z 230N | T @30N Z 230N | T 230N Z 910N ( T 230N g woij
1TeM PTOD $8909Y 3AY 9orjIng 3uolVy
aAy uoTssaday *}{OTYL 3Isal-150d *}OTYL 3IS2I21d 20uelIsSTq S

(99TT# uny) WANIVINOD ISVIE NO Z-VIW WOYd SITINSHI¥ NOISSHAOHMH
¢ °2T1qel

LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER



LMSC-HREC TN DB67571

OF POOR QUALITY

L ]
)
3
-
ok
et
L
s
¥
g
g
Jid
£
=
o
L
At
W
o]
o
-+
Y
9]
o
bk
2
ot
B
i
W
L]
b
W
$od
27
i
e
*
ol
g
T

LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CERTER



LMSC~HREC TN DB67571

i

s

~F2

A A
TES  #
6 -

"
&
e
-
i
S
fae |
B o
dok
wd
e
pod
L
i
e
=
s
e
B
§ad
W
for
wd
tﬂ
e
2
L
Ak
0
bl
pid
o0
Aok
o]
o)
sl
2
oot
Tt
ok
L
o
E*
&
4]
P

i
o4

*
W
o
i

8

LOCKHEED-HUNTSVILLE RESEARCH & ENGINEERING CENTER

e



LMSC-HREC TN DB867571

e
]
2
b oM
2]
e
P
e
W
3
f
ot
b
o
@&
L2
o
o
@
wd
sl
Lk
o
o]
Aok
o
o
=N
Ak
P
W
ft
i
o
“
0
P
H
oy
*
1
ol
{2




LMSC-HREC TN D867571

~L‘:‘, ¥ v

i

C

R
i

Ak

OF POOR QU

e

o
T

!
it

H

|3
i

+
it
el

T

I H ool H !
: i 1 t I
b ! - ” +
9 +
B 35
223 s=g 03 o1 = =3 I S22
r e it =5
i T : = o) H
= T 32 seaE SBast i
a1t & 2= e SSEsesse
¥ taass uy t
1 T ReSs o
T 1 1 s o
B 08 st : 1 oy oY B A
I " : e =
T L) i + 11
i 3 A b Y
iN I M - +
- + Ao b Fasua 8
o Pt P > Pae oo
o B 13 <
T VH Iy i 1. + "
. has i Ieaul
3 T ¥ s o
E T s 38
| = T + 3 - o ‘e
E 2 E: HH B 53!
32 Iy it S9eae X! se3Sg=so
+ 1
ro . T DGt N
+ : T :
t T Bumtey wiptast: & mowrmve M
P 4 T ” SOk &St tes e
4o T 8 plloarp e
S ots pants B
> T T
T = “¥Fr e Sa3a
! P = o .
T it 1gesd ojyit dile Mty iovpusd
— g0 gty evadls s augs e e
T 1 :
DS & :
puls : — T .
R0 bangy Suath ANy Siseotn
osai sunal Snie; Exti Eangy suss e ey
= — r — + N
45U JpaBA b} 148 (yeo) A + e
; - + -
- 1o DS ARAES SNREE
t T . T
i3 ! o BED! LD I i
+ BN
. o RS 31 ]
%1 InAI B8 0a1 IRRE N T i t : -
! ! i [~ 3
N : dl 7
o o o e
4 hd o W T -
-

(o9s/sTIW) Hm 21y UOTSS9I9Y

- sec)

2

Cold Wall Heating Rate, q (Btu/ft

Fig. 4 - Recession Rate vs Heating Rate for MTA-2 on Blast Container
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Location of Hold-
h‘ v / Down Blast Container

Analyzed in this

Fig. 5 - Left-Hand SRB Aft Skirt
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ORIGINAL PAGE IS
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(Not to scale)

3/4 in. recess
/_ in panel
)
. !_
Side View
TC Number and S, Approx. Distance
Measurement No. Along Surface
(in.)
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10

Sketch 1 - Approximate Thermocouple Location and Thickness Measurement
Locations on Calibration Model BL-CONT-CAL, Run No. 1160
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(Not to Scale)

I Note: Dimensions are approximate
and along surface of blast

cuntainer.
I
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3. 5] 3.5 —o

Front View

Sketch 2 - Thermocouple lLocations on TPS Model - BCA-1

13

LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CCNTER



